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㌵ 䵗
⍁ new simulation and valuation method for weather derivatives are proposed. First of
all, 7 days moving average of the daily temperatures are used instead of the individual daily
date, which may help extracting the green house eﬀect more eﬀectively. Indeed, the eﬀect is
found especially in the winter time. Next, in order to improve the performance of Ornstein-
Uhlenbeck process which is considered as the most popular model for the underlying daily
temperature model, the recurrent level of the O-U process is assumed to be a random
variable. As a result, the simulation results come much closer to the observed than the
existing models. Moreover, by choosing the recurrence level (or the mean of the recurrence
level) based on the future objective and/or subjective predictions of the dealer, it is possible
to supply several diﬀerent prices for the options to the dealers. Furthermore, comparison
of the distribution of a payout value of a contract derived by our method and past data is
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╳╉⑲㝗䈬␷™␵⑩⑋㔤㈹╢╇╫⑎║╩╡ℼ┿⑎㽤䑪③㥔␦℣䉨 3 䁡⑇⑏™Bootstrap Monte Carlo
䬡⑲䵑␤␿┷╟╥╬ℼ┷╧╳⑲㥔␦℣䉨 4 䁡⑇⑏╗╩┤┷╳┰䩽䬡⑲䁢䱀␷™䉨 5 䁡⑇⑏㑊䌱⑊䵗
䱳⑈㝫佀⑲㵒⑙⑫℣
32 䨿㙑㉳㔢㜿⑎㍎丨䡹䨬䩽䑸㰰⑲䵑␤␿╢╇╫
䭜䁡⑇⑏™Cao & Wei[2000] ⑋⑨⑃⑆䵑␤⑩⑬␿䨿㙑㉳㔢㜿⑎㍎丨䡹䨬䩽䑸㰰⑲䵑␤␿╢╇╫⑋
⑄␤⑆䁢䱀⑲㥔␦℣⑄␤⑇␽⑎╢╇╫⑲㉾义␷™㱂㩝⑎╇ℼ┿⑲䵑␤⑆䨬䁏⑲㥔␦℣
2.1 ╢╇╫
Cao & Wei[2000] ⑋␷␿␬⑃⑆™䙼㰡䨿㙑㔤㈹⑲╢╇╫㈽␹⑫℣䙼㰡䨿㙑㔤㈹ Xt(お㈼⑇⑏䙼㰡
㔤㈹⑈㔭㵒␹⑫) ␫⑩䙼㰡㔤㈹⑎䨿㙑䍍 mt ⑲㨹␷ぺ␤␿䍍⑲䑪㕁␹⑫℣␹⑊⑯⑁
Yt = Xt ¡ mt (1)
Yt ⑏™䙼㰡㔤㈹ Xt ⑈䨿㙑䙼㰡㔤㈹ mt ⑎㨹⑇␢⑪™䙼㰡㔤㈹␫⑩㔨䁡䩑䘰⑲㵼㕮␷␿③⑎⑇␢⑫
⑈㥍␨⑩⑬⑫℣Yt ⑏お㈼⑎ Ornstein - Uhlenbeck ㉡䑸⑋␷␿␬␦⑈㈾䑪␹⑫℣
dYt = ¡a(t)Ytdt + ¾(t)dWt℡ (2)
䌢␷™Wt ⑏䤸㵠╖╩┦╳ㄿ䘰⑇␢⑫℣║╩╡ℼ┿ a(t) ⑏䨿㙑㉳㔢⑎㘯␵⑲䤽␷™Yt ␬䨿㙑㉳㔢䀭
⑲③⑄␿②⑋⑏ 0 お㹥⑇␢⑫␳⑈␬㑼䉔␵⑬⑫℣⑞␿ ¾(t) ⑏㔤㈹⑎╜╩╆┣╪╆┣ℼ⑲␢⑩⑯␹℣
␳⑎㈾䑪⑲␪␯⑈™Yt ⑏䐹㑼䔪⑊䨿㙑㉳㔢㽥㵠⑇␢⑫ 0 ⑎㱾⑪⑲╩╳╀╠⑋䩑䘰␹⑫␬™║╩╡ℼ
┿ a(t) ⑎䍍␬䉧␭␤㹬㥧⑏ Yt ⑏ 0 ⑋㡾␫⑃⑆㕞䈮⑋㉳㔢␷™a(t) ⑎䍍␬㸮␵␤㹬㥧⑏ Yt ⑏ 0 ⑋
㡾␫⑃⑆⑦⑃␯⑪⑈㉳㔢␹⑫⑈␤␦䀭㱁⑲③⑄␳⑈⑋⑊⑫℣
(2) 㰰⑋␪␤⑆™a(t) ⑈ ¾(t) ␬㭾㑖⑋き䈸␻␺™ぬ䑪⑎䍍⑲⑈⑫⑈㈾䑪␹⑫℣␳⑎⑈␭™(2) 㰰⑏
dYt = ¡aYtdt + ¾dWt℡ (3)
⑈㵱␭䤽␻⑫℣㍎丨䡹䨬䩽䑸㰰 (3) ⑎㉲⑏™









⑈㵱␭䤽␻⑫␳⑈⑋⑊⑫℣0 㭾䕀⑎㔤㈹ X0 ␬䴿␨⑩⑬␿⑈␭™t 㭾䕀⑎㔤㈹ Xt ⑏䨿㙑 ¹x ⑈䨬㬶
¾x ␬␽⑬␾⑬









㭾㑖 [0;t] ⑲ n 㙨㑖⑋严㬶㈽␷™0 = t0 < t1 < ::: < ti < ::: < tn = t ⑈␪␯℣ti¡1 㭾䕀⑎㔤㈹
␬䴿␨⑩⑬␿⑈␭⑎ ti 㭾䕀⑎㔤㈹⑏™




㭾㑖㑖㍖ ti ¡ ti¡1 ⑲⌱䙼⑈␪␭™(8) 㰰⑲严㬶㙡㭷␹⑫℣
Xt ¡ mt = (Xt¡1 ¡ mt¡1)e¡a + ²t℡ (9)
4␳␳⑇ ²t ⑏䨿㙑 0™䨬㬶 ¾2
x ⑎䀵㔬䨬䥛⑋␷␿␬␦℣䌢␷™¾2










䨿㙑⑇␢⑫℣␦⑫␦䜯⑎ 2 㝮 29 䙼⑏㍤〦␷™1 䜯⑲ 365 䙼⑈␷⑆䨬䁏⑲㥔⑃␿℣䤸䭜㑼㑖⑏™1961
䜯␫⑩ 2003 䜯⑞⑇ 43 䜯㑖⑇␢⑫℣
2.3 ╈╬╳╉㝗䈬⑎䩽䬡⑈␽⑎㝫㉌
1961 䜯␫⑩ 2003 䜯⑞⑇⑎ 43 䜯㑖⑎╇ℼ┿⑲㭈䵑␹⑫⑋␢␿⑃⑆™㈹䍈㈽⑎ㅆ㙁⑲㝗䈬␷™␽
⑎╈╬╳╉⑲╢╇╫⑋㉃䰣␹⑫䤬䵗␬␢⑫℣╈╬╳╉㝗䈬␹⑫⑋␢␿⑃⑆⑏™䙼㰡㔤㈹⑎⑐⑩⑄
␭␬䱤䉪⑈⑊⑃⑆␯⑫℣␹⑊⑯⑁™␢⑫ 1 䙼⑎ 43 䜯㑖⑎㔤㈹╇ℼ┿⑲䵑␤⑆╈╬╳╉⑲㝗䈬␹⑫
⑈™䙼㰡㔤㈹⑎䩑䘰␬䉧␭␤␿②╈╬╳╉␬䀵㍎⑋㝗䈬␵⑬⑊␯⑊⑫㉄䜽䀭␬␢⑫℣㱂㩝™㐢㈰Ω
ㅳ䘣Ω㕭㬳 [2003] ⑎⑨␦⑋ 43 䜯㑖⑎䙼㰡㔤㈹╇ℼ┿⑋䉐␷䁾㝁㉳㔢⑲㥔␦™␹⑊⑯⑁™
xyr;t : 䉨 yr 䜯⑎䉨 t 䙼⑎䙼㰡㔤㈹ yr = 1;:::;43; t = 1;:::;365
⑈␷␿⑈␭™
xyr;t = ¯1(t) + ¯2(t)yr + ²t; yr = 1;:::;43; t = 1;:::;365 (11)






xyr;t : 䉨 yr 䜯⑎䉨 t 䙼⑎䙼㰡㔤㈹ yr = 1;:::;43; t = 1;:::;365
⑈␷␿⑈␭™






⑈␤␦ぜ䘰䨿㙑⑲⑈⑫℣䨿㍪㈽␹⑫䄰⑈㡥⑎ 1 㝮 4 䙼⑎䙼㰡㔤㈹⑎┰╩╕␬㽞 1 ⑇␢⑫℣䨿㍪㈽⑋
⑨⑪™⑨⑪╈╬╳╉␬㝗䈬␵⑬⑤␹␯⑊⑃⑆␤⑫␳⑈␬┰╩╕␫⑩③㠫⑆⑈⑬⑫℣␳⑎䨿㍪㈽␷␿
䙼㰡㔤㈹ ¯ xyr;t ⑋䉐␷⑆䁾㝁⑎㉳㔢䐾䁾⑲␢⑆⑏②™╈╬╳╉⑲㝗䈬␹⑫℣










1961 1964 1967 1970 1973 1976 1979 1982 1985 1988 1991 1994 1997 2000 2003
元データ気温
移動平均気温
㽞 1: 1 㝮 4 䙼⑎䙼㰡㔤㈹╇ℼ┿⑈䨿㍪㈽㡥⑎䙼㰡㔤㈹
䁚䩒 (¯1) yr (¯2) ¯2
㝮 㜸㽴 t 䍍 p 䍍 㜸㽴 t 䍍 p 䍍 䴭さ⑊䙼㽴 䥩⑎䙼㽴
1 4.64 10.99 0.00 0.048 2.86 0.02 31 0
2 5.06 9.84 0.00 0.045 2.25 0.07 22 0
3 7.92 14.66 0.00 0.045 2.12 0.08 27 0
4 13.77 26.35 0.00 0.033 1.57 0.24 19 0
5 18.60 39.90 0.00 0.015 0.83 0.47 1 2
6 21.63 37.83 0.00 0.020 1.02 0.41 7 6
7 25.39 37.60 0.00 0.019 0.69 0.55 2 2
8 27.43 51.74 0.00 0.005 0.27 0.44 5 13
9 22.98 43.63 0.00 0.031 1.49 0.23 13 0
10 17.00 41.17 0.00 0.048 2.94 0.03 28 0
11 12.22 26.58 0.00 0.035 1.93 0.16 19 0
12 7.34 16.40 0.00 0.041 2.28 0.04 31 0
␹⑙⑆⑎㝮 15.39 29.84 0.00 0.032 1.68 0.23 205 23
䤽 1: 12╶㝮⑎㈹䍈㈽╈╬╳╉⑎䁾㝁㉳㔢㝫㉌
6䩒䈦 95 ║ℼ┻╳╈⑎ t 㠡䑪⑎㝫㉌™╈╬╳╉␬䴭さ⑇␢⑃␿⑎⑏ 365 䙼⑎␦⑁ 205 䙼⑀⑃␿℣⑞
␿™╈╬╳╉␬䥩⑎䍍⑲⑈⑫䙼␬ 23 䙼䈸㩟␹⑫␬™䴭さ⑋㽤䑪␵⑬␿䙼⑏⑊␫⑃␿℣䨿㍪㈽⑋⑨⑃
⑆╈╬╳╉␬⑨⑪䀵㍎⑋㽤䑪␵⑬⑆␤⑫⑈㥍␨⑬⑩⑬⑫℣㔨䁡␴⑈⑎䙃䐧⑲㠫⑫⑈™1 㝮␫⑩ 3 㝮™
10 㝮␫⑩ 12 㝮⑋␪␤⑆⑏™╈╬╳╉䍍␬䉧␭␯⑞␿ p 䍍③㸮␵␤䍍⑲⑈⑃⑆␤⑫℣␹⑊⑯⑁䕬㕾
⑋␪␤⑆⑏䕟㔨⑏㈹䍈㈽␬㠲䍸⑇␢⑫⑈␤␦␳⑈␬⑇␭⑫℣␽⑬⑋䉐␷⑆ 5 㝮␫⑩ 8 㝮⑎╈╬╳╉
䍍⑏㸮␵␯⑞␿䴭さ⑋㽤䑪␵⑬␿䙼㽴③㸯⑊␤℣␹⑊⑯⑁™䕬㕾⑋␪␤⑆㉆㔨⑏™㈹䍈㈽⑎㜹㡾⑏
␢⑫␬㠲䍸⑇⑏⑊␤⑈␤␦␳⑈␬⑇␭⑫℣䄴䉎⑈␷⑆⑎㜹㡾⑲⑟⑫⑈™1 䜯␢␿⑪䨿㙑␷⑆ 0:0320
Ⅾ␺⑄㔤㈹␬㹥㸺␷⑆␤⑫⑈␤␦㝫㉌␬㵐␿℣43 䜯㑖⑇䙼㰡㔤㈹␬ 1:374 Ⅾ㹥㸺␷␿␳⑈⑋⑊⑫℣
䭜㥆⑇⑏™╈╬╳╉␬䴭さ⑇␢⑃␿䙼⑋䉐␷⑆③䴭さ⑇⑊␫⑃␿䙼⑋䉐␷⑆③™
myr;t = ˆ ¯1(t) + ˆ ¯2(t)yr; yr = 1;:::;43; t = 1;:::;365 (14)





dYt = ¡atYtdt + ¾tdWt℡ (15)
⑎║╩╡ℼ┿ at™¾t ⑲㽤䑪␹⑫℣2.3 䁡⑋␪␤⑆™43 䜯㑖䨬⑎ myt;t ⑈ xyr;t ␬㕡②⑩⑬⑆␤⑫℣


















xyr;t ¡ myr;t = (xyr;t¡1 ¡ myr;t¡1)e¡at + ²t; yr = 1;:::;43; t = 1;:::;365
⑋⑨⑪㽤䑪␹⑫℣㨸䩕 xyr;t ¡myr;t ⑲䡳䁢䱀䩑㽴™xyr;t¡1 ¡myr;t¡1 ⑲䁢䱀䩑㽴⑈␹⑫䁾㝁㉳㔢䨬
䁏⑲␪␳⑊␤™㩇㸮⌲㹨䬡⑇㽤䑪␷␿℣㭈䵑␷␿╇ℼ┿⑏™1961 䜯⌱㝮⌱䙼␫⑩ 2003 䜯 12 㝮 31
䙼⑞⑇⑎䕬㕾⑎䙼㰡䨿㙑㔤㈹ ((㩇㥢㔤㈹⅜㩇䑣㔤㈹)/⌲) ⑇␢⑫℣␽⑎㝮␴⑈⑋㴸㝗␷␿㝫㉌␬䤽
2 ⑇␢⑫℣
365 䙼␹⑙⑆⑋␪␤⑆ p 䍍⑏㸮␵␯™║╩╡ℼ┿ a ⑏䕽㝗䔪⑋䴭さ⑇␢⑃␿℣
2.4.2 ㉳㔢㭄㨹⑎䨬䁏
㉳㔢䨬䁏⑎㭄㨹⑎䀵㔬䀭⑈㝏乳䅪㑘⑋⑄␤⑆䨬䁏⑲㥔⑃␿℣䀵㔬䀭⑎㠡䑪⑏™Jarque-Bera ⑎㠡








7㝮 a 㽤䑪䍍 䤸㵠㡭㨹 p 䍍 (¾x)2 ¾
1 0.633 0.129 0.008 3.170 1.249
2 0.470 0.122 0.001 3.660 1.492
3 0.542 0.127 0.000 5.044 1.672
4 0.611 0.126 0.007 5.557 1.687
5 0.610 0.125 0.005 3.929 1.416
6 0.385 0.113 0.000 3.577 1.535
7 0.250 0.092 0.000 2.943 1.472
8 0.346 0.108 0.000 2.612 1.337
9 0.458 0.118 0.000 3.734 1.506
10 0.654 0.130 0.008 3.398 1.291
11 0.624 0.129 0.007 3.743 1.387
12 0.546 0.121 0.001 3.042 1.293
䤽 2: ⍓⍄⍅║╩╡ℼ┿㽤䑪㝫㉌
⑈␢⑩⑯␵⑬⑫③⑎⑇␢⑪™㭄㨹␬䀵㔬䨬䥛⑋␷␿␬␦⑈␤␦㈾䁢⑎③⑈⑇㰫䴳䕙 2 ⑎ Â2 䨬䥛⑋
␷␿␬␦℣㝫㉌⑎ Jarque-Bera 䕽㝗乌⑈␽⑎ p 䍍⑏䤽 3 ⑋㔭␷⑆␢⑫℣㭄㨹⑎䀵㔬䀭␬㑾㕑␵⑬␿
⑎⑏™365 䙼⑎䍦⑇ 39 䙼⑇␢⑃␿℣⑞␿™㭄㨹⑋㑘␹⑫㝏乳䅪㑘⑎㠡䑪⑏™Breusch-Godfrey ⑎
LM 㠡䑪⑲㥔⑃␿℣䕽㝗乌 R2 ⑈␽⑎ p 䍍⑏䤽 3 ⑋㔭␷⑆␢⑫℣㝏乳䅪㑘␬䈸㩟␷⑊␤⑈␤␦㈾䁢





3.1 Bootstrap Monte Carlo 䬡⑲䵑␤␿┷╟╥╬ℼ┷╧╳䩽䬡
お㈼⑇™Bootstrap 䬡⑎ぬ㱯⑇␢⑫㩆䤸䭜䬡⑲䵑␤␿㔤㈹╇ℼ┿⑎┷╟╥╬ℼ┷╧╳䩽䬡⑲䁢䱀
␹⑫℣お㡥␳⑎㩆䤸䭜䬡⑲ Bootstrap Monte Carlo 䬡⑈⑨⑖␳⑈⑋␹⑫℣䄰䁡⑇㥔⑃␿㍎丨䡹䨬









e1;1 e1;2 ::: e1;365












Xt ¡ mt = (Xt¡1 ¡ mt¡1)e¡at + ²t
8Jarque-Bera 㠡䑪 Breusch-Godfrey LM 㠡䑪
㝮 JB p 䍍 㑾㕑␵⑬⑫䙼㽴 LM R2 p 䍍 㑾㕑␵⑬⑫䙼㽴
1 5.997 0.451 5 0.017 0.330 1
2 5.230 0.375 7 0.019 0.280 0
3 1.587 0.604 0 0.021 0.277 3
4 2.133 0.531 2 0.011 0.329 0
5 2.016 0.557 2 0.024 0.283 1
6 3.189 0.500 3 0.026 0.267 3
7 5.315 0.451 7 0.029 0.292 3
8 4.486 0.341 6 0.031 0.243 2
9 1.959 0.567 1 0.029 0.223 2
10 1.624 0.594 2 0.017 0.296 0
11 1.621 0.525 0 0.022 0.261 1
12 2.665 0.435 4 0.022 0.320 4
䤽 3: ⍓⍄⍅║╩╡ℼ┿㽤䑪㝫㉌
␳␳⑇ Xt ¡ mt = Yt ⑈␪␯⑈™
Yt = Yt¡1e¡at + ²t (17)
⑈⑊⑫℣お㈼⑇ Bootstrap Monte Carlo 䬡 ⑋⑨⑫ˆ yt ⑎䘳㵐䩽䬡⑲㵒⑙⑫℣┷╟╥╬ℼ┷╧╳㉳㽴
⑏ N ㉳⑈␷™䉨 n ㉳䱜⑋䠯䀸␵␻␿ ˆ yt ⑲ ˆ y
(n)





0 = 0 ⑈␷␿℣
2. 䉨 1 䙼䱜⑎㭄㨹 fe1;1;e2;1;:::;e43;1g ␫⑩╩╳╀╠⑋䍍⑲⌱⑄䄪⑓™ˆ e
(n)
1 ⑈␹⑫℣㕡②␿║





0 e¡ˆ a1 + ˆ e
(n)
1
⑈␷⑆ ˆ y1 ␬㕡②⑩⑬⑫℣
3. 䉨 2 䙼䱜⑎㭄㨹 fe1;2;e2;2;:::;e43;2g ␫⑩╩╳╀╠⑋䍍⑲⌱⑄䄪⑓™ˆ e
(n)
2 ⑈␹⑫℣ˆ y1 ⑈ ˆ a2™
ˆ e2 ⑲ (17) 㰰⑋䉥䙾␷™
ˆ y
(n)
2 = ˆ y
(n)




4. お㈼™䘱䵍⑋␷⑆ 365 ㉳㜫⑪䩖␹⑈™fˆ y
(n)
1 ;:::; ˆ y
(n)
365g ␬㕡②⑩⑬⑫℣










































23 23.5 24 24.5 25 25.5 26 26.5 27 27.5 28 28.5 29 29.5 30 30.5
過去
方法1
㽞 2: ㉡㕮⑎╇ℼ┿⑈┷╟╥╬ℼ┷╧╳䩽䬡 1 ⑎㔤㈹䨬䥛
␳⑬⑩⑎ ˆ yt ⑎㝏乳⑎䨿㙑⑈䨬㬶⑏™③⑈③⑈⑎䤸䭜 yt ⑎㝏乳⑎䨿㙑™䨬㬶⑈䨿㙑䔪⑋⑏䕹␷␯⑊
⑫℣␳⑎⑨␦⑋␷⑆䠯䀸␵␻␿ ˆ y1; ˆ y2;:::; ˆ y365 ⑲䵑␤⑆™㰡䁡⑇┷╟╥╬ℼ┷╧╳⑲␪␳⑊␦℣
3.2 䙼㰡㔤㈹⑎┷╟╥╬ℼ┷╧╳⑋⑨⑫㩆㤽䍛
3.2.1 䩽䬡 1-m44;t ⑋╈╬╳╉䐾䁾㹥⑎䕀⑲䵑␤⑫䩽䬡
(9) 㰰⑲㩆㵒␹⑫℣
Xt ¡ mt = (Xt¡1 ¡ mt¡1)e¡at + ²t
⑞␺™╇╪═╆┣╖⑎䉐㹝⑈⑊⑫ 2004 䜯 (yr=44) ⑋㑘␷⑆™
ˆ m44;t = ˆ ¯1(t) + 44ˆ ¯2(t); t = 1;:::;365 (18)
⑈␹⑫℣␹⑊⑯⑁ m44;t ⑋ ˆ m44;t™␹⑊⑯⑁䄰䁡⑇╈╬╳╉⑲㝗䈬␹⑫⑈␭⑋䵑␤␿㉳㔢䐾䁾⑎
yr = 44 ⑈␷␿䍍⑲㭈䵑␹⑫℣␳⑎␳⑈⑏™2004 䜯⑎㔤㈹⑲┷╟╥╬ℼ┷╧╳␹⑫⑋␢␿⑃⑆™㉡
㕮⑎╇ℼ┿␫⑩㕡②␿ 2004 䜯 7™8 㝮⑎ 62 䙼㑖⑎䙼㰡㔤㈹⑎䴽䈬䍍⑎㱾⑪⑲䩑䘰␹⑫⑨␦™䁟䑪

















t = ˆ y
(n)
t + ˆ m44;t t = 182;:::;243
⑇␢⑫℣㝫㉌⑎╒┹╈┰╩╠⑏™䤽 4 ⑎䩽䬡 1 ⑋㔭㩜␷␿℣
⑞␿™㉡㕮⑎╇ℼ┿⑈┷╟╥╬ℼ┷╧╳⑋⑨⑫䠯䀸␷␿㔤㈹⑎䨬䥛⑲␢⑩⑯␹┰╩╕␬㽞 2 ⑇
␢⑫℣
⑞␿™䤽 5 ⑏ 1961 䜯␫⑩ 2003 䜯⑞⑇⑎ 7™8 㝮⑎䙼㰡㔤㈹⑋㑘␹⑫䕽㝗乌⑇␢⑫℣┷╟╥╬ℼ
┷╧╳㔤㈹⑎ 7™8 㝮⑎䨿㙑㔤㈹⑈䤸㵠䩐㨹⑋㑘␹⑫䕽㝗乌⑏™䤽 6 ⑎䩽䬡 1 ⑋㔭㩜␷␿℣
Bootstrap Monte Carlo 䬡⑋⑨⑫┷╟╥╬ℼ┷╧╳⑇䠯䀸␵␻␿䙼㰡㔤㈹⑏™䁟䑪␷␿䑌⑪䨿㙑
䔪⑋⑏ ˆ m44;t ⑋㙡␤䍍⑲⑈⑃⑆␤⑫℣␷␫␷™㉡㕮⑎䙼㰡㔤㈹╇ℼ┿⑈䡦⑙⑫⑈™䤸㵠䩐㨹␬ 0.898
⑇␢⑪™␫⑊⑪㸮␵␤䍍⑲⑈⑃⑆␤⑫℣␳⑎䱤䉪䕀⑋⑄␤⑆㥍㬡⑲㥔␦℣
10㔤㈹ (Ⅾ) ㉡㕮⑎╇ℼ┿ 䩽䬡 1 䩽䬡 2
23 䰤䭾 0 0 17
23 お㹥 23.5 䰤䭾 0 0 38
23.5 »24 2 6 48
24 » 24.5 0 20 121
24.5 » 25 3 74 183
25 » 25.5 1 239 325
25.5 » 26 8 506 411
26 » 26.5 3 819 518
26.5 » 27 9 923 545
27 » 27.5 4 839 590
27.5 » 28 8 509 462
28 » 28.5 3 254 385
28.5 » 29 2 92 280
29 » 29.5 0 12 166
29.5 » 30 0 6 117
30 » 30.5 0 1 61
30.5 お㹥 0 0 33
㥧㝗 43 4300 4300
䤽 4: ┷╟╥╬ℼ┷╧╳㝫㉌
7™8 㝮䨿㙑㔤㈹⑎䨿㙑 㔤㈹⑎䤸㵠䩐㨹⑎䨿㙑䍍 䨿㙑㔤㈹⑎䤸㵠䩐㨹
43 䜯㑖 (1961-2003) 26.68 2.639 1.215
15 䜯㑖 (1989-2003) 27.02 2.701 1.430
䤽 5: 1961 䜯␫⑩ 2003 䜯⑞⑇⑎ 7™8 㝮⑎㔤㈹⑋㑘␹⑫䕽㝗乌
7™8 㝮䨿㙑㔤㈹⑎䨿㙑 㔤㈹⑎䤸㵠䩐㨹⑎䨿㙑䍍 䨿㙑㔤㈹⑎䤸㵠䩐㨹
䩽䬡 1 26.76 2.720 0.898
䩽䬡 2 26.94 2.596 1.502








23.5 24 24.5 25 25.5 26 26.5 27 27.5 28 28.5 29 29.5
発生頻度
㽞 3: 43 䜯㑖⑎ 7,8 㝮⑎䨿㙑㔤㈹⑎䨬䥛
43 䜯㑖⑎ 7™8 㝮⑎䨿㙑㔤㈹
P243
t=182 xyr;t ⑎䨿㙑⑏ 26:68 ⑇␢⑪™⑞␿
P243
t=182 xyr;t ⑎䤸㵠䩐
㨹⑏ 1:215 ⑇␢⑫℣(㽞 3 㬲㹈) ⑞␿™1989 䜯␫⑩ 2003 䜯⑞⑇⑎ 15 䜯㑖⑎ 7™8 㝮⑎䨿㙑㔤㈹
P243




⑫℣m44;t ⑋ ˆ m44;t ⑈␤␦ 1 ⑄⑎䍍⑎⑟⑲␢⑆⑏②⑫⑈␤␦␳⑈⑏™m44;t ⑎⑐⑩⑄␭␬䈸㩟␷⑊␤
⑈␤␦㈾䑪⑲␪␯␳⑈⑈䘱䕹⑇␢⑫℣7™8 㝮⑎䨿㙑㔤㈹⑋™⑐⑩⑄␭␬䈸㩟␹⑫⑋③␫␫⑯⑩␺™
䈸㩟␷⑊␤⑈㈾䑪␷⑆ m44;t ⑋ ˆ m44;t ⑈␤␦ 1 ⑄⑎䍍⑎⑟⑲␢⑆⑏②␿␿②™㝫㉌⑈␷⑆™䠯䀸␵
␻␿┷╟╥╬ℼ┷╧╳㔤㈹ x44;t ⑎⑐⑩⑄␭③㸮␵␯⑊⑃␿⑎⑇⑏⑊␤␫⑈㥍␨⑩⑬⑫℣䠯䀸␵␻
␿ xt ⑎⑐⑩⑄␭␬㸮␵␤⑈™xt ⑲③⑈⑋⑄␯⑩⑬⑫㔤㈹╇╪═╆┣╖⑎㉁㍊③㉡㸯䤾㉁␵⑬⑫␳
⑈⑈⑊⑫℣␽␳⑇™㰡䁡⑇ m44;t ⑋⑐⑩⑄␭⑲③␿␻␿䩽䬡⑲䑳う␹⑫℣
3.2.2 䩽䬡 2-䀵㔬䨬䥛⑲䵑␤⑆ mt ⑋⑐⑩⑄␭⑲③␿␻⑫䩽䬡
3.2.1 䁡⑇㥔⑃␿⑨␦⑋ m44;t ⑲╈╬╳╉䐾䁾㹥⑎䴽䈬䍍 ˆ m44;t1 䕀⑲⑈⑫⑎⑇⑏⑊␯™䀵㔬䵰㽴
⑋⑨⑪ m44;t ⑲䠯䀸␵␻⑫䩽䬡⑲䑳う␹⑫℣3.2.1 䁡⑇㵒⑙␿⑈␪⑪™43 䜯㑖⑎ 7™8 㝮⑎䨿㙑㔤㈹
P243
t=182 xyr;t ⑎䤸㵠䩐㨹⑏ 1:215 ⑇␢⑫℣␳⑎䤸㵠䩐㨹⑎䍍⑲䵑␤™ˆ m44;t ⑎䍍⑋⑐⑩⑄␭⑲③␿
␻⑆␤␯℣
1. 3.2.1 䁡⑇㕡②␿ ˆ m
(n)
44;t ⑲䵑␤⑆™䨿㙑 ˆ m
(n)






















23 23.5 24 24.5 25 25.5 26 26.5 27 27.5 28 28.5 29 29.5 30 30.5
過去データ
シュミレーショ ン方法2
㽞 4: ㉡㕮⑎╇ℼ┿⑈┷╟╥╬ℼ┷╧╳䩽䬡 2 ⑎㔤㈹䨬䥛






































お㹥⑎䩽䬡⑇┷╟╥╬ℼ┷╧╳⑲㥔⑃␿㝫㉌⑎╒┹╈┰╩╠⑲䤽 4 ⑎䩽䬡 2 ⑎䵳⑋㔭㩜␷™⑞␿㔤
㈹⑋㑘␹⑫䕽㝗乌⑲䤽 6 ⑎䩽䬡 2 ⑋㔭㩜␷␿℣⑞␿™㉡㕮⑎╇ℼ┿⑈お㹥⑎┷╟╥╬ℼ┷╧╳␫⑩
③⑈②␿㔤㈹⑎䨬䥛⑋㑘␹⑫┰╩╕␬㽞 4 ⑇␢⑫℣
7™8 㝮⑎䨿㙑㔤㈹⑋㑘␷⑆ 4300 ㉳䨬⑎┷╟╥╬ℼ┷╧╳⑎䨿㙑䍍⑏ 26.94 ⑇␢⑪™⑞␿␽⑎䤸
㵠䩐㨹⑏ 1.502 ⑇␢⑃␿℣䩽䬡 1™␹⑊⑯⑁ m44;t ⑋ ˆ m44;t ⑈␤␦ 1 ⑄⑎䍍⑎⑟⑲␢⑆⑏②␿⑈␭
⑈䡦⑙⑫⑈™7™8 㝮⑎䨿㙑㔤㈹⑋㑘␹⑫䨿㙑䍍⑏™␽⑬␾⑬ 26.76 ⑈ 26.94 ⑇␢⑪␽⑬⑛⑉䩑⑯
⑪⑏⑊␤␬™䤸㵠䩐㨹⑏™0.898 ␫⑩ 1.502 ⑈⑊⑪⑐⑩⑄␭␬䉧␭␯⑊⑃␿␳⑈⑲㰨␷⑆␤⑫℣␳
⑎䤸㵠䩐㨹⑏™㉡㕮 43 䜯㑖⑎ 7™8 㝮⑎䨿㙑㔤㈹
P243
t=182 xyr;t ⑎䨿㙑 26:68 ⑤䤸㵠䩐㨹 1:215™⑞
␿™㉡㕮 15 䜯㑖⑎ 7™8 㝮⑎䨿㙑㔤㈹
P243




3.3 㔤㈹╇╪═╆┣╖⑋␪␱⑫ HDD ⑈ CDD
⍃⍍⍅ (Chicago Merchantile Exchange) ⑇㱨ぺ␵⑬⑆␤⑫䤸㵠䔪⑊㔤㈹╇╪═╆┣╖⑲㑊䌱⑋
㉲䁢␹⑫℣
乲㭋䔪⑋䩆㥱⑎䕅乏㉱㱒⑤┬┹㉱㱒⑏㉚㭡 65 䕙 (䁝㭡 18.3 䕙) ⑲㘭⑋乤䬼⑈䍈䬼␬䙾⑬䉘⑯⑫⑈
㥍␨⑆␭␿℣␹⑊⑯⑁㉚㭡 65 䕙㙡䩕⑲㩇③㉷䔬⑊㔤㈹⑈㥍␨⑆␭␿℣␳⑎㥍␨⑋③⑈⑅␭™䙼ℹ
⑎ HDD(Heating Degree Day) ⑈ CDD(Cooling Degree Day) ⑲⑈㡆⑐⑬⑫䩑㽴␬䑪㕁␵⑬␿℣
DailyHDD = maxf0;18:33 Ⅾ ¡ 䙼㰡䨿㙑㔤㈹ g
13DailyCDD = maxf0;䙼㰡䨿㙑㔤㈹ ¡ 18:33 Ⅾ g
␹⑊⑯⑁™HDD ⑈⑏䍈䬼␬䤬䵗⑊䕙㥧␤⑲™CDD ⑏乤䬼␬䤬䵗⑊䕙㥧␤⑲㰨␷⑆␤⑫℣㔤㈹╇
╪═╆┣╖⑎㑰㵠㭘㽴⑈␷⑆也䁑 HDD ⑤也䁑 CDD(㑼㑖䙢⑎䙼ℹ⑎ HDD ⑤ CDD ⑎䅭佂) ⑲䵑
␤⑫␳⑈␬䈿␤℣お㈼⑇⑏也䁑 HDD ⑈也䁑 CDD ⑲␽⑬␾⑬ CumHDD™CumCDD ⑈㵱␯␳
⑈⑋␹⑫℣
3.4 CDD ⑲䵑␤␿㔤㈹╇╪═╆┣╖⑎㸦䥊㌵䵗
2004 䜯⑎ 7 㝮™8 㝮⑎䙼㰡䨿㙑㔤㈹␫⑩㉚㭡 65 䕙 (䁝㭡 18.33 䕙) ⑲ぺ␤␿䍍™␹⑊⑯⑁䙼ℹ⑎
CDD ⑲㑑䈬␷™2╶㝮㑖⑎也䁑 CDD ⑲㕡②⑫℣乤㉆╪┹┯⑲╘╃┸␹⑫③⑎⑈␷⑆™也䁑 CDD
␬ 410 ⑲㈼㉳⑃␿㹬㥧 410 ⑲ 1 ㈼㉳⑫␴⑈⑋ 5 䭼ㅟ␺⑄䅽㉃␹⑫㙢㍛⑲㭙䨧␦⑈␤␦㸦䥊⑋⑄␤
⑆㥍㬡⑲␪␳⑊␦℣䌢␷㭙䨧␤⑎㡂䕙㍛⑏ 350 䭼ㅟ⑈␹⑫℣䱔㵫╪┹┯⑲╘╃┸␹⑫␿②⑎㸦䥊⑋




┷╧╳␫⑩㕡②␿╚┤┢┦╈⑋㑘␹⑫䕽㝗乌⑈⑲䡦㍓␷™Bootstrap Monte Carlo 䬡⑋⑨⑫┷╟╥
╬ℼ┷╧╳␬╇╪═╆┣╖⑎╗╩┤┷╳┰⑋䉐␷⑆䴭㡺⑇␢⑫␫⑉␦␫⑲㠡㹚␷␿℣┷╟╥╬ℼ




t : n㉳䱜⑎Bootstrap Monte Carlo䬡⑋⑨⑫┷╟╥╬ℼ┷╧╳⑋⑨⑃⑆㩮⑪㵐␷␿䉨t䙼⑎㔤㈹





t ¡ 18:33;0g (19)







⑇␢⑫℣␵⑩⑋™乤㉆╪┹┯⑲╘╃┸␹⑫┳ℼ╫┪╗┷╧╳㜿⑎╇╪═╆┣╖⑎䭾㑼䙼 8 㝮 31 䙼
⑋␪␤⑆㑼䉔␵⑬⑫╚┤┢┦╈⑏™n ㉳䱜⑎ Bootstrap Monte Carlo 䬡⑋⑨⑫┷╟╥╬ℼ┷╧╳⑋
⑨⑪㩮⑪㵐␷␿㔤㈹⑲䵑␤⑫⑈™
Call(8 㝮 31 䙼;410) = minf5 £ maxfCumCDD(n) ¡ 410;0g;350g (21)
⑈⑊⑫℣䘱䵍⑋䱔㵫╪┹┯⑲╘╃┸␹⑫␿②⑎╗╃╈┪╗┷╧╳㜿⑎╇╪═╆┣╖⑎䭾㑼䙼 8 㝮 31
䙼⑋␪␤⑆㑼䉔␵⑬⑫╚┤┢┦╈⑏™



































㽞 6: 䩽䬡 2 ⑎也䁑 CDD ⑎䨬䥛⑈㉡㕮⑎╇ℼ┿␫⑩㕡②␿也䁑 CDD ⑎䨬䥛
䩽䬡 1-m44;t ⑋╈╬╳╉䐾䁾㹥⑎䕀⑲䵑␤⑫䩽䬡™䩽䬡 2-䀵㔬䨬䥛⑲䵑␤⑆ mt ⑋⑐⑩⑄␭⑲③
␿␻⑫䩽䬡 2 ⑄⑎䩽䬡⑇™也䁑 CDD ⑎䍍⑲㕡②␿℣也䁑 CDD ⑎䨬䥛⑎䨿㙑⑈䤸㵠䩐㨹␬䤽 7 ⑋





␤䍍⑲⑈⑫␿②⑈㥍␨⑩⑬⑫℣㰡⑋䤸㵠䩐㨹⑋⑄␤⑆㥍␨⑫℣䩽䬡 1 ⑎ m44;t ⑋╈╬╳╉䐾䁾㹥⑎
䕀 ˆ m44;t ⑲䵑␤⑆┷╟╥╬ℼ┷╧╳⑲㥔␦⑈也䁑 CDD ⑎䨬䥛③㉡㕮⑎㔤㈹╇ℼ┿␫⑩㕡②␿也䁑
CDD ⑎䨬䥛⑨⑪③㽾⑎㘹␤䨬䥛⑈⑊⑃⑆␤⑫℣┷╟╥╬ℼ┷╧╳㔤㈹⑋⑐⑩⑄␭␬㸮␵␤␿②™
也䁑 CDD ⑎䤸㵠䩐㨹䍍③㸮␵␯⑊⑃␿⑈㥍␨⑩⑬⑫℣䈾䩽™䀵㔬䨬䥛⑇ m44;t ⑋⑐⑩⑄␭⑲③␿
␻␿䩽䬡 2 ⑲㭈␦⑈™也䁑 CDD ⑎䨬䥛⑏㉡㕮 43 䜯⑎㔤㈹╇ℼ┿␫⑩㕡②␿也䁑 CDD 䨬䥛⑎䤸
㵠䩐㨹 75:32 ⑨⑪③䉧␭␤␬™㉡㕮 15 䜯⑎╇ℼ┿␫⑩㕡②␿䤸㵠䩐㨹 88:65 ⑈⑏㙡␤䍍⑲⑈⑃⑆
15㉡㕮 43 䜯 ㉡㕮 15 䜯 䩽䬡 1 䩽䬡 2
䨿㙑 517.57 538.93 533.70 532.99
䤸㵠䩐㨹 75.32 88.65 54.94 93.15
䤽 7: ㉡㕮⑎㔤㈹╇ℼ┿⑈┷╟╥╬ℼ┷╧╳⑎ CDD ⑎䨬䥛
410-CDDs ╚┤┢┦╈㑼䉔䍍 (䭼ㅟ)
䨿㙑 䤸㵠䩐㨹 䨿㙑 䤸㵠䩐㨹
㉡㕮 43 䜯㑖 3.532 13.72 17.662 68.59
䩽䬡 1 0.223 2.77 1.117 13.86
䩽䬡 2 4.051 16.71 16.794 64.13
䤽 8: CDD ⑲䵑␤␿乤㉆╇╪═╆┣╖⑎╚┤┢┦╈⑎㑼䉔䍍⑎䡦㍓
␤⑫℣お㹥⑎㝫㉌␫⑩™也䁑 CDD ⑎䨬䥛⑋␪␤⑆③䩽䬡 2 ⑲䵑␤␿ Bootstrap Monte Carlo 䬡⑋
⑨⑫┷╟╥╬ℼ┷╧╳␬㉡㕮⑎╇ℼ┿⑋㥧䍗␹⑫⑈␤␦␳⑈␬␤␨⑫℣
⌲⑄⑎┷╟╥╬ℼ┷╧╳䩽䬡⑲䵑␤⑆™3.4 䁡⑎╇╪═╆┣╖㸦䥊⑎╚┤┢┦╈⑎㑼䉔䍍⑲㕡②
␿③⑎␬䤽 8™䤽 9 ⑋㔭㩜␷⑆␢⑫℣
乤㉆╇╪═╆┣╖⑋㑘␹⑫╚┤┢┦╈⑏™㉡㕮 43 䜯㑖⑎╇ℼ┿␫⑩㕡②⑫⑈䨿㙑 17.662 䭼ㅟ⑇
␢⑫℣䩽䬡 1 ⑎ m44;t ⑋╈╬╳╉䐾䁾㹥⑎䕀 ˆ m44;t ⑲䵑␤⑆┷╟╥╬ℼ┷╧╳⑲㥔␦䩽䬡⑲䵑␤⑫
⑈™╚┤┢┦╈⑎㑼䉔䍍⑎䨿㙑䍍⑏ 1.117 䭼ㅟ⑇␢⑪␳␳⑇③╚┤┢┦╈䍍⑎㉡㸮䤾㉁␬␪␭⑆␤
⑫℣⑞␿™䩽䬡 2 ⑎ m44;t ⑋⑐⑩⑄␭⑲③␿␻␿䩽䬡⑲䵑␤⑫⑈™╚┤┢┦╈⑎㑼䉔䍍⑎䨿㙑䍍⑏
16.794 䭼ㅟ⑇␢⑪™㉡㕮⑎╇ℼ┿␫⑩㥍␨⑆③䜼䙀⑎␤␯䍍⑈⑊⑃⑆␤⑫℣
䱔㵫╇╪═╆┣╖⑋㑘␹⑫╚┤┢┦╈⑏™㉡㕮 43 䜯㑖⑎╇ℼ┿␫⑩㕡②⑫⑈䨿㙑 14.971 䭼ㅟ⑇
␢⑫℣䩽䬡 1 ⑎ m44;t ⑋╈╬╳╉䐾䁾㹥⑎䕀 ˆ m44;t ⑲䵑␤⑆┷╟╥╬ℼ┷╧╳⑲㥔␦䩽䬡⑲䵑␤⑫
⑈™10.576 䭼ㅟ⑇␢⑪␳␳⑇③╚┤┢┦╈㑼䉔䍍⑎㉡㸮䤾㉁␬␪␭⑆␤⑫℣⑞␿™䩽䬡 2 ⑎ m44;t
⑋⑐⑩⑄␭⑲③␿␻␿䩽䬡⑲䵑␤⑫⑈™╚┤┢┦╈⑎㑼䉔䍍⑎䨿㙑䍍⑏ 43.344 䭼ㅟ⑇␢⑫℣㉡㕮




䨿㙑 䤸㵠䩐㨹 䨿㙑 䤸㵠䩐㨹
㉡㕮 43 䜯㑖 2.994 9.95 14.971 49.75
䩽䬡 1 2.151 9.33 10.576 44.47
䩽䬡 2 11.074 29.19 43.344 101.53
䤽 9: CDD ⑲䵑␤␿䱔㵫╇╪═╆┣╖⑎╚┤┢┦╈⑎㑼䉔䍍⑎䡦㍓
1625.5-䨿㙑㔤㈹ ╚┤┢┦╈㑼䉔䍍 (ㅟ)
䨿㙑 䤸㵠䩐㨹 䨿㙑 䤸㵠䩐㨹
㉡㕮 43 䜯 0.125 0.371 50,000 148,578
㉡㕮 15 䜯 0.162 0.451 64,667 180,510
䩽䬡 1 0.033 0.151 13,163 60,232






お㈼⑎ 2 ⑄⑏™2004 䜯 5 㝮⑋㍴㰰㉱㱒䈻㌲䩝㠱┸╣║╳␫⑩䠯䝤␵⑬␿╇╪═╆┣╖㸦䥊⑇␢
⑫℣7™8 㝮⑎ 62 䙼㑖⑎䙼㰡䨿㙑㔤㈹⑎䨿㙑䍍⑲㕡②⑫℣乤㉆╇╪═╆┣╖⑏™䙼㰡㔤㈹⑎䨿㙑䍍
␬㥔㭈䍍⑲㈼㉳⑃␿㹬㥧™㥔㭈䍍⑲ 0.01 Ⅾ㈼㉳⑫␴⑈⑋ 4,000 ㅟ␺⑄䅽㉃␹⑫㙢㍛⑲㭙䨧␦⑈␤
␦㸦䥊⑇␢⑫℣䌢␷㭙䨧␤⑎㡂䕙㍛⑏ 100 䭼ㅟ (2.5 Ⅾ䨬) ⑇␢⑫℣␳⑎㸦䥊⑎㥔㭈䍍⑏䍏と⑋⑨⑃
⑆せ⑊⑪™㡸䤽␵⑬⑆␤⑊␤℣⑞␿™┪╗┷╧╳乁⑏ 10 䭼ㅟ⑇␢⑫℣⑞␿䱔㵫╇╪═╆┣╖⑏™
䙼㰡㔤㈹⑎䨿㙑䍍␬㥔㭈䍍⑲㹥㉳⑃␿㹬㥧㥔㭈䍍⑲ 0.01 Ⅾ㹥㉳⑫␴⑈⑋ 4,000 ㅟ␺⑄䅽㉃␹⑫㙢






┷╧╳␫⑩㕡②␿╚┤┢┦╈⑋㑘␹⑫䕽㝗乌⑈⑲䡦㍓␷™Bootstrap Monte Carlo 䬡⑲䵑␤␿┷
╟╥╬ℼ┷╧╳␬ 2╶㝮㑖⑎䨿㙑㔤㈹⑲䵑␤␿╇╪═╆┣╖⑎╗╩┤┷╳┰⑋䉐␷⑆䴭㡺⑇␢⑫␫
⑉␦␫⑲㠡㹚␷␿℣┷╟╥╬ℼ┷╧╳⑏␳⑎㹬㥧③™䩽䬡 1-m44;t ⑋╈╬╳╉䐾䁾㹥⑎䕀⑲䵑␤⑫
䩽䬡™䩽䬡 2-䀵㔬䨬䥛⑲䵑␤⑆ mt ⑋⑐⑩⑄␭⑲③␿␻⑫䩽䬡⑉⑁⑩⑎㹬㥧③㥔␤™␽⑬␾⑬⑎ 7™
8 㝮 62 䙼㑖⑎䙼㰡㔤㈹⑎䨿㙑䍍⑲㕡②␿℣62 䙼㑖⑎䨿㙑㔤㈹⑋㑘␹⑫䕽㝗乌␬⑋㔭㩜␵⑬⑆␤⑫℣
⑞␿┰╩╕␬ 62 䙼㑖⑎䙼㰡㔤㈹⑎䨿㙑䍍⑎䨬䥛⑎┰╩╕⑇␢⑫℣
䤽 10™䤽 11 ⑏™3.4 䁡⑎╇╪═╆┣╖㸦䥊⑎™㉡㕮╇ℼ┿␫⑩㝗㬻␷␿╚┤┢┦╈⑎㑼䉔䍍⑈
┷╟╥╬ℼ┷╧╳␫⑩㝗㬻␷␿╚┤┢┦╈㑼䉔䍍⑲㔭㩜␷␿℣
乤㉆╇╪═╆┣╖⑋㑘␹⑫╚┤┢┦╈⑏™㉡㕮 43 䜯㑖⑎╇ℼ┿␫⑩㕡②⑫⑈䨿㙑 50,000 ㅟ⑇
㉡㕮 15 䜯⑎╇ℼ┿␫⑩㕡②⑫⑈䨿㙑 64,667 ㅟ⑇␢⑫℣(䤽 10 㬲㹈) 䩽䬡 1 ⑎ m44;t ⑋╈╬╳╉䐾
䁾㹥⑎䕀 ˆ m44;t ⑲䵑␤⑆┷╟╥╬ℼ┷╧╳⑲㥔␦䩽䬡⑲䵑␤⑫⑈™╚┤┢┦╈⑎㑼䉔䍍⑎䨿㙑䍍⑏
13,163 ㅟ⑇␢⑪␳␳⑇③╚┤┢┦╈䍍⑎㉡㸮䤾㉁␬␪␭⑆␤⑫℣⑞␿™䩽䬡 2 ⑎ m44;t ⑋⑐⑩⑄␭
⑲③␿␻␿䩽䬡⑲䵑␤⑫⑈™╚┤┢┦╈⑎㑼䉔䍍⑎䨿㙑䍍⑏ 52,817 ㅟ⑇␢⑪™㉡㕮⑎╇ℼ┿␫⑩
㥍␨⑆③䉅䕶⑊⑈䍍⑈⑊⑃⑆␤⑫℣
䱔㵫╇╪═╆┣╖⑋㑘␹⑫╚┤┢┦╈⑏™㉡㕮 43 䜯㑖⑎╇ℼ┿␫⑩㕡②⑫⑈䨿㙑 27,164 ㅟ™㉡
17䨿㙑㔤㈹-28 ╚┤┢┦╈㑼䉔䍍 (ㅟ)
䨿㙑 䤸㵠䩐㨹 䨿㙑 䤸㵠䩐㨹
㉡㕮 43 䜯 0.068 0.209 27,164 83,419
㉡㕮 15 䜯 0.145 0.288 58,151 115,194
䩽䬡 1 0.032 0.151 12,987 60,232
䩽䬡 2 0.212 0.504 84,806 201,485
䤽 11: 䨿㙑㔤㈹⑲䵑␤␿䱔㵫╇╪═╆┣╖⑎╚┤┢┦╈⑎㑼䉔䍍⑎䡦㍓
㕮 15 䜯㑖⑎╇ℼ┿␫⑩㕡②⑫⑈䨿㙑 58,151 ㅟ⑇␢⑫℣(䤽 11 㬲㹈) 䩽䬡 1 ⑎ m44;t ⑋╈╬╳╉䐾
䁾㹥⑎䕀 ˆ m44;t ⑲䵑␤⑆┷╟╥╬ℼ┷╧╳⑲㥔␦䩽䬡⑲䵑␤⑫⑈™12,987 ㅟ⑇␢⑪␳␳⑇③╚┤
┢┦╈㑼䉔䍍⑎㉡㸮䤾㉁␬␪␭⑆␤⑫℣⑞␿™䩽䬡 2 ⑎ m44;t ⑋⑐⑩⑄␭⑲③␿␻␿䩽䬡⑲䵑␤⑫
⑈™╚┤┢┦╈⑎㑼䉔䍍⑎䨿㙑䍍⑏ 84,806 ㅟ⑇␢⑫℣㉡㕮 43 䜯⑎╇ℼ┿⑈㉡㕮 15 䜯㑖⑎╇ℼ┿
␫⑩㕡②␿╚┤┢┦╈⑎䨿㙑䍍⑈㈹䍈㈽╈╬╳╉⑎␳⑈⑲㥍␨⑫⑈™␳⑁⑩③䉅䕶⑊╚┤┢┦╈㑼
䉔䍍⑇␢⑫⑈㥍␨⑩⑬⑫℣
お㹥⑎㝫㉌␫⑩™Bootstrap Monte Carlo 䬡⑋⑨⑫┷╟╥╬ℼ┷╧╳⑇䙃⑋䀵㔬䨬䥛⑋⑨⑪ m44;t
⑋⑐⑩⑄␭⑲③␿␻␿䩽䬡 2 ␬™CDD ⑲䵑␤␿㔤㈹╇╪═╆┣╖⑋㑘␷⑆③䨿㙑㔤㈹⑲䵑␤␿㔤
㈹╇╪═╆┣╖⑋㑘␷⑆③™┷╟╥╬ℼ┷╧╳⑤╗╩┤┷╳┰⑋䔬␷⑆␤⑫⑈␤␦␳⑈␬⑇␭⑫℣
4 ㉁㍊䥕␱









Xt ¡ mt = (Xt¡1 ¡ mt¡1)e¡at + ²t
╇╪═╆┣╖⑎䉐㹝⑇␢⑫ 2004 䜯 (yr=44) ⑋㑘␷⑆™䉨 3 䁡⑇⑏
ˆ m44;t = ˆ ¯1(t) + 44ˆ ¯2(t); t = 1;:::;365 (23)
⑈␷␿␬™㉁㍊䥕␱⑲␹⑫㩝⑏™╇╪═╆┣╖⑎䝤⑪㱪␬ぺ␭㱵␱⑫╪┹┯⑎㉁㍊⑲㑼䉔╚┤┢┦
╈⑋㹥㹨␻␷⑊␱⑬⑐⑊⑩⑊␤℣⑨⑃⑆™␳⑎ ˆ m44;t ⑋䉐␷™乤㉆┪╗┷╧╳⑇⑏ ˆ m44;t ¡ s™䱔
㵫┪╗┷╧╳⑇⑏ ˆ m44;t + s ⑈␤␦䩑㐹⑲㥔␤™䉨 3 䁡⑈䘱䵍⑋ Bootstrap Monte Carlo 䬡⑋⑨⑪
㔤㈹⑲䠯䀸␵␻␿℣␳␳⑇ s ⑏™╇╪═╆┣╖⑎䉐㹝㑼㑖⑇␢⑫ 7™8 㝮 62 䙼㑖⑎䨿㙑㔤㈹⑎䤸
㵠䩐㨹⑎␢⑫㍤㥧⑎㔤㈹⑈␷␿℣㱂㩝⑋⑏ 7™8 㝮 62 䙼㑖⑎䨿㙑㔤㈹⑎䤸㵠䩐㨹⑏ 1:215 ⑇␢⑪™
18乤㉆┪╗┷╧╳ 䱔㵫┪╗┷╧╳
也䁑 CDD 䠯䀸㍤㥧 (%) ㉁㍊ (䭼ㅟ) 也䁑 CDD 䠯䀸㍤㥧 (%) ㉁㍊ (䭼ㅟ)
┷╟╥╬ℼ┷╧╳ 533.0 4.05 16.79 533.0 11.07 43.34
s:SD ⑎ 70%䍍 479.4 2.49 11.98 588.0 13.06 59.86
s:SD ⑎ 85%䍍 467.8 3.91 18.61 599.7 17.37 77.80
s:SD ⑎ 100%䍍 456.2 5.88 27.81 611.3 22.57 98.17
䤽 12: CDD ⑲䵑␤␿╇╪═╆┣╖⑎╚┤┢┦╈
乤㉆┪╗┷╧╳ 䱔㵫┪╗┷╧╳
䠯䀸㍤㥧 䨿㙑㉁㍊ (ㅟ) 䠯䀸㍤㥧 䨿㙑㉁㍊ (ㅟ)
┷╟╥╬ℼ┷╧╳ 13.2% 52,817 21.2% 84,806
s:SD ⑎ 70%䍍 13.7% 54,826 27.1% 108,487
s:SD ⑎ 85%䍍 19.3% 77,318 35.4% 141,726
s:SD ⑎ 100%䍍 26.5% 106,079 45.4% 181,407
䤽 13: 䨿㙑㔤㈹⑲䵑␤␿╇╪═╆┣╖⑎╚┤┢┦╈
␳⑎ 55%™70%™85%™100%™115%⑎䍍⑲䵑␤⑆™䉨 3 䁡⑈䘱䵍⑎ Bootstrap Monte Carlo 䬡⑋
⑨⑫┷╟╥╬ℼ┷╧╳⑲ 4300 ㉳㥔␤™㔤㈹⑲㕡②␿℣␳⑎㔤㈹⑲③⑈⑋™CDD ⑋③⑈⑅␯䉨 3.4
䁡⑎㸦䥊⑈䨿㙑㔤㈹⑋③⑈⑅␯䉨 3.6 䁡⑎㸦䥊⑋⑄␤⑆㑼䉔␵⑬⑫╚┤┢┦╈䍍⑎䨿㙑⑲㕡②␿℣
4.2 ┷╟╥╬ℼ┷╧╳㝫㉌
s ⑋ 7™8 㝮 62 䙼㑖⑎䨿㙑㔤㈹⑎䤸㵠䩐㨹⑎ 70%™85%™100%⑎䍍⑲䵑␤␿㭾⑎㝫㉌␬䤽 12 ⑈















19㩝㕡②⑩⑬␿╚┤┢┦╈⑎䠯䀸㍤㥧⑎䱳 1.5 䝜⑈␽⑎䠯䀸㍤㥧⑋ 10%㉃␨␿③⑎⑎␦⑁㸮␵␤䩽⑎
㍤㥧⑋⑊⑫⑨␦⑋ s ⑲䐴䁡␷™㉁㍊⑲㕡②⑫⑈␤␦③⑎⑇␢⑫℣␹⑊⑯⑁™䉨 3 䁡⑇㕡②␿╚┤┢
┦╈䠯䀸㍤㥧⑲ z%⑈␹⑫⑈™㉁㍊䥕␱⑎㩝⑎╚┤┢┦╈䠯䀸㍤㥧␬
minf1:5z ; z + 10g%
⑈⑊⑫⑨␦⑊ s ⑲䄪䉲␷™␽⑎䨿㙑╚┤┢┦╈⑲㕡②™␽⑎╚┤┢┦╈䍍⑲╇╪═╆┣╖㉁㍊⑈␹
⑫⑎⑇␢⑫℣お㹥⑎䩽䬡⑇㝗㬻␹⑫⑈™乣␨⑐䨿㙑㔤㈹⑲䵑␤␿乤㉆╇╪═╆┣╖⑎㉁㍊⑏ 77,000
ㅟ䑸䕙⑈⑊⑪™⑞␿ CDD ⑲䵑␤␿乤㉆┪╗┷╧╳⑎㉁㍊⑏ 27.8 䭼ㅟ䑸䕙⑈⑊⑫℣␳⑬⑩⑎㉁㍊





㔤㹝䐣⑏™䍏と␴⑈⑋㔨䁡䴽䩳 (䐹㑼䴽䩳) ⑲䠯䤽␷⑆␪⑪™䙃⑋䭨㝮 24 䙼䄰㡥⑋⑏™㡾␳␦ 3╶
㝮⑎㔤㈹⑎㵐㠽㍎丨␬䠯䤽␵⑬⑫℣␳⑎ 3╶㝮䴽䩳⑏™㝮㰡䨿㙑㔤㈹␬䨿䜯䩂␫䨿䜯⑨⑪③䑣␤␫
䨿䜯⑨⑪③㥢␤⑲␽⑬␾⑬⑎㍎丨⑇㰨␷⑆␤⑫℣乣␨⑐䨿䜯⑨⑪③䑣␤㍎丨␬ 20%™䨿䜯䩂⑎㍎
丨␬ 30%™䨿䜯⑨⑪③㥢␤㍎丨␬ 50%⑈䠯䤽␵⑬⑆␤⑫⑈␹⑫℣␳⑎ 3╶㝮䴽䩳⑲䵸䵑␹⑫⑋⑏™
䠯䀸㍤㥧⑲
minf1:5z ; z + 10g%
⑈␹⑫⑎⑇⑏⑊␯™







⑫⑨␦⑋␷␿℣䉨 2 ⑋ Ornstein-Uhlenbeck ㉡䑸⑎䨿㙑㉳㔢㽥㵠⑋⑐⑩⑄␭⑲③␿␻⑫␳⑈⑇㉡㕮
⑎╇ℼ┿⑈╞╃╁␹⑫⑨␦⑊㔤㈹╇ℼ┿⑎䠯䀸⑋䀮㡹␷␿℣␳⑎␿②╇╪═╆┣╖㉁㍊⑎㉡㸮䤾
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